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Resistance and Fusion Weld Strengths

Abstract:

The resistance and fusion weld strengths of United States Steel
Corporation 12MoV stainless steel, a modified 12% chromium steel,

were determined with sheet material which was heat treated by aus-
tenitizing at 1850°F., air cooling and tempering at 900°F. for 4 hours,
and welding. Resistance welded 0.008, 0.016, 0.025 and 0.050 inch
thick sheetes were generally capable of meeting Specification MIL-W-
6858 tensile-shear strength requirements with tensile shear-cross
tension ratios of about 0.20 when welded in the full heat treated
condition (220,000 psi yield strength). The joint efficiency of fusion
welded sheets which were welded in the fully heat treated condition was
found to be about 80 per cent.

Reference: Giuntole, A., Bergstedt, P. W., Turner, H. C.,
"Resistance and Fusion Welding of U.S.S. 10MoV
(422M) Stainless Steel," General Dynamics/Convair
Report MP 53-096, San Diego, California, 30 October
1953, (Reference attached).
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Repart No, M 58-096
Resistance and Fusion Welding
Of U.S.S. 12 MoV (422m) Stainless
Steel

INTRODUCTION

Materials for future airframes will be required to maintain adequate mechanical
properties at elevated temperatures. This will preclude the use of mechanical
fasteners in various areas in the interest of weight savings and design con-
siderations., Two methods of replacing mechanical fasteners are fusion and
resistance welding.

U.SeSe 12 MoV is one of a class of 12% chromium stainless steels modified

by different alloying elements to avold a brittle failure region extending
from 700°F, to-900°F, inherent in the straight 12% chromium stainless steels.
These alloying modifications also tend to increase the elevated temperature
mechanical properties of the steels.

The 12 chromjum stainless steels-straight or modified-are air hardening, partic-
ularly in sheet form, This hardening characteristic poses welding difficulties,

OBJECT

To determine the mechanical properties of fusion and resistance welded U.S.S,
12 MoV (422m) stainless steel.

CONCLUSJONS

1) Resistance welded U.S.S. 12 MoV met the Mil-W-6858 Specification for
tensile-shear strength except for the gage combination of ,025-,050.

2) Where cross-tension strength was determined, the indications were that
cross -tension to tensile-shear ratios of 0,20 are possible with resistance
welded U.S.S. 12 MoV (422m) stainless steel.

3) Increasing temperature decreased tensile-shear and cross -tension to
tensile-shear ratios for resistance welded U.S.S. 12 MoV (422m) except
for the .025-.050 combination where tensile-shear strength increased
with increasing testing temperature,

4) The 0,016" gage material fusion welded to itself attained 78% of the room
temperature ultimate strength of the fully heat treated unwelded parent

material,

5) The 0.050" gage material fusion welded to itself attained 8)1% of the room
temperature ultimate strength of the fully heat treated unwelded parent

material.

6) Fusion weld joint strength and ductility decreased with increasing test
temperatwe,
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MAIERIAL

All sheets used for this test were supplied by the United States Steel Company
from their heat number 18833. The material that was tested included 0,008,
0.016, 0,025 and 0.050 inch thicknesses,

RROCEDURE .

Strips 1" x 4" for tensile-shear specimens were taken from sheets of all
thicknesses listed above., Cross-tension specimens 1" x 3" with 3/8" holes
drilled on 2" centers were taken from the 0,016, 0.025, and the 0.050 sheets.
In addition panels 4" x 12" for fusion welding were taken from the 0.016
sheet and the 0,050 sheet,

All the specimens were austenitized at 1850°F, for 15 minutes, in a production
furnace, and air cooled. Tempering at 900°F. for 4 hours was done in a
laboratory re-circulating air furnace.

The welding was done by the Manufacturing Research and Deveiopment. Their
welding procedures and combinations welded are shown in Appendix A,

* *ter welding, two tensile shear specimens from each resistance welded combination
and two specimens from the fusion welded 0,050" sheet were re-tempered at 900°F.
for 4 hours in a laberatory re-circulating air furmce,

Sections for microscopic examination were taken from each welded combination.
Tukon hardness readings were made on the .025-.025 and .050 to 050 resistance
welded material and the 0.050 fusion welded material.

The mechanical properties were determined using a Baldwin Universal Testing
Machine. The heat source for the elevated temperature test was a re-circulating
air furnace placed in the machine.

RESULTS

Table I 1ists the tensile-shear and cross-tension strength at various temperature
of all the combinations resistance welded. Table II shows the mechanical proper-
ties at various temperatures of fusion welded 016" and ,050" sheet. Hardness
traverse readings are listed in Table III.

Figure 1 shows the effect of testing temperature on the tensile-shear and cross-
tension strength of .025" material resistance welded to .025" material., Figure
2 shows the effect of testing temperature on the tensile-shear and crose-
tension strength and the cross-tension to tensile-shear ratio of 025" sheet
resistance welded to 0,050" sheet. Also shown in Figure 2 is the eoffect of
temperature on the cross-tension strength of .016" sheet resistance welded to
.050" sheet. The effect of temperature on the tensile-shear and cross-tension
strength and the ocross-tension to tensile-shear ratio of .,050" sheet resistance
welded to .050" sheet is shown in Figure 3. Figure 4 shows the effect of
temperature on the ultimate strength and elongation on both the ,016" sheet
fusion welded to itself and the ,050" sheet fusion welded to itself,

FORM 1018.A
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RESULTS  (Contimmed)

Cross sections of the ,050" sheet resistance welded to itself, the ,025" sheet
resistance welded to the ,050" sheet, and the .050 " sheet fusionw elded to
itself are shown in Figures 5 and 6, respectively.

DISCUSSION

All resistance welded joints, except for the 0.,025% sheet welded to the 0.050"
sheet, met the tensile-shear requirements of Mi1-W-6858, There was no apparent
reason why the 0.025" to 0.050" combination should not have met the require-
ments of Mil-W-6858, :

The tensile-shear strength of both the 0,025" sheet welded to itself and the
0.050" sheet welded to itself and the cross-tension strength of the 0,050" sheet
welded to itself decreased with increasing temperature. The cross-tension to
tensile-shear strength ratio of the 0,050" sheet welded to itself was relatively
un-affected by temperature.

In the instances where unlike thicknesses were welded to each other the resultis
appeared to be quite different, The tensile-shear strength of the 0.025" sheet
welded to the 0.050" sheet increased with testing temperature. The cross-
tensioh strength and cross-tension to tensile-shear strength ratio decreased
with temperature. At both room temperature and 1000°F, there was little
differsnce in the cross-tension strength of the ,016" sheet welded to the
0.,050" sheet; an increase in the cross-tension strength was noticed at the
intermediate temperature., The tensile-shear strength of the 0.008" sheet
welded to the 0,016" sheet appeared to be relatively un-affected throughout

the temperature range tested. However, a tendency to drop off at around
1000°F, was noticed.

When some of the tensile-shear specimens were re-tempered in a furnace at
900°F, for 4 hours, an increase of room temperature tensile-shear strength
was observed except when the 0,050 " sheet was welded to itself.

This points to the fact .that probably all the welds except the 0.,050" sheet
welded to itself received insufficient temper in. the machine, If this is
the case, it would account #wpart. fér the erratic bebavior of the resistance
welds. ’

The 0.016" sheet fusion welded to itself and the 0,050 sheet fusion welded

to itself attained 78% and 81%, respectively, of the unwelded fully heat treated
ultim te strength of the parentmetal at room temperature. Furnace tempering

the 0,050" sheet fusion welded to itself at 900°F, for 4 hours resulted in

a recovery of 84% of the unwelded fully heat treated ultimate strength of the
parent metal. These results seem to indicate that a 100% fusion weld efficiency
cannot be attained unless a full heat treatment is employed after the welding
operations., However, further testing would be needed to definitely determine
this.

FORM 1818-A



ANALYSIS CONVA AIR PAGE /,

PREPARED BY A, Giuntoli A DIVISION OF SENERAL DYNANICS CORPORATION REPORT NO.Mp 58-096
CHECKED BY Bergstedt/Turner/Sutherland ®AN P'¥e° MODEL REA 7035
REVISED BY DAT‘1°'30-58

DISCUSSION  (Contipued)

The elongation of the fusion welded specimens was approximately 80% lower than
the elongation for the parent material. A re-temper i® a furnace at 900°F,
for 4 hours did not improve the welded ductility,

Increasing temperature resulted in dscreasing ultimate strength and elongation.
The failures occurred away from the weld and appeared to take place at the
edge of the heat affected zone adjacent to the parent material. (See Figure 6).
This is the area where the lowest hardness readings were observed.

NOTE: The data from which this report was written are recorded in Structures
and Materials Laboratory Notebook No. 965.
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Figure 5 Top - 050" ~ ,050".Resistance Weld
Bottom - .025" -,050" Resistance Weld

P 2888

Figure 6 TFusion Weld in The 0.050" Sheet
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APPENDIX "A"
WELDING MACHINE SETTINGS

RESISTANCE WELDING

Electrode Material
i Electrode Design

? weld Time
Electrode force
Weld Current
Quench time
Terper time
Temper current

Electrode Design

Weld Time

Weld current
Elecirode Force
Quench time
Temper time
Temper current

Electrode Design

Weld Time

Weld Current
Electrode Force
Juench time
Temper Tive
Temper current

All resistance welding was performea un a Sciaky three phase machire: 100KVA
with the decatron digital counter control.

The welding procedure was to establish a imugset {ree from crack and porosity,
with a diameter based on the formula 4 T. Fenetration was controlled as close
as possible with minimum and maximum limits bLeing 30-80% respectively.

L0028" ~ 016" ~ Investigation revealed these optimum weld conditions:

2025 025" ~ Investigation revealed these optimur weld conditions:

Electrode Material

2025" ~ 050" ~ Investigation reveaied these optimurm weld conditions:

Electruie Material

RWMA Class III \
5/6" restricted diameter
6" radius dome
2 cycles
400 pounds
5400 amps
30 cycles
6 cycles
320C amps

Ve A

RWMA Class III
5/8" restricted diameter
6" radius dome
4 cycles
9500 amps
1500 psi i
90 cycles
4 cycles
3800 anps.

-

RWMa Class III

5/8" restricted Dis,
6" radius dome

5 cyrles

1500 amps.

2000 psi

100 cycles

1 cycle

2000 amps.
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050" - ,050" ~ Investigation revealed these cptimum weld conditions:

Electrode Material RWMA Class III

Electrode Design 5/8" restricted dia.
6" radius dome

Weld Time 7 Cycles

Weld Current 11000 amps.

Electrode Force 2000 psi

Quench Time 90 cycles

Temper time 6 cycles

Temper current ’ 2000 amps.

2016" = Q50" - Investigation revealed these optimum weld conditions:

Electrode Material RWMA Class III
Electrode Design 5/8" restricted dia.
6" radius dome

Weld Time 4 cycles
Weld Current 13000 amps.
Electrod Force 2000 pei
Quench 90 cycles
Temper Time 4 cycles
Temper Current 2600 amps,

EUSION WELDING

Fusion welding was performed on a mechanized weld fixture located in in Bldg.
1 of Plant II.

The material as received from the Engineering Test Lab. was distorted from the
heat treat. The edges required a shear to produce adequate alignment when
clamped in the weld fixture. Initial welds were made on a standard steel

grooved backup bar plumbed to provide adequate atmospheric protection. The

veld exhibited a crack running the full length of the weld in the area of the
speed line. The standard backup bar was replaced with a copper bar incorporating
integral heating units. Butt welds were made with no addition of filler wire

at temperatures ranging from 250°F. - 500°F. No evidence of cracking occured

at these temperatures however, a problem of warpage of the 016" material did
occur at the higher temperatures making welding difficult.

The following machine settings produced the most satisfactory results:

Material 422 M Steel ,052"
Amps 55

Volts 9

Speed 15

Torch gas 15 Argon

Backup Shield Gas 15 Argon
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Electrode Type & Design
Joint Design
Pre & Post heat

Material

Ampl.

Volt

Speed

Torch Gas

Backup Shield Gas
Electrode Type & Design
Joint Design

Pre & Post Heat

APPENDIX _(CONTINUED)

1/16" 1% thoriated tungsten, pointed
Square Butt
4L50°F,

422 M Steel .016"

16

9

20

16 Argon

16 Argon

~040 1% thoriated tungsten, pointed
Square Butt

450°F,
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